A new class of sulfone-linked bis heterocycles, methyl-3-(4 -aryl-1 H-pyrazol-3 -ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (8), methyl-3-(1 -phenyl-3 ,5 -diaryl-1 H-pyrazol-4 -ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (9) and methyl-3-(3 ,5 -diarylisoxazol-4 -ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (10) were prepared by the regioselective reaction of methyl-3-aryl-2-(E-arylethenesulfonyl)acrylate (2) with tosylmethyl isocyanide followed by fuctionalization of olefin moiety with 1,3-dipolar reagents. The lead compounds were tested for their antimicrobial activity.
In recent years there has been an intense effort to develop biologically potent heterocycles. In fact, molecules containing five-membered heterocycles have elicited considerable interest with an astonishingly wide range of applications in synthetic organic chemistry. Amongst them pyrrole, pyrazole and isoxazole derivatives are important intermediates in organic synthesis and useful building blocks for biologically active compounds. Pyrroles are abundant as constituents of natural products and have broad synthetic utility in both materials science and medicine. [1] [2] [3] Pyrrole containing pharmaceuticals include the cholesterol lowering drug lipitor. 4) In addition, pyrazolines and isoxazolines have gained importance due to their various chemotherapeutic properties. In deed, Celecoxib a pyrazole derivative and Valdecoxib an isoxazole derivative are now widely used in the market as anti-inflammatory drugs. 5) Apart from varied biological properties the lability of 2-isoxazoline ring led to a variety of 1,3-bifunctionalized compounds such as a,b-aminoalcohols, b-hydroxyketones, 1,3-diketones, b-hydroxy nitriles, acids and esters which are used widely in the synthesis of a variety of natural products. [6] [7] [8] [9] In the literature, multistep synthetic routes to 3,4-disubstituted pyrroles have been reported either by coupling of imines and nitroalkanes or by using FriedalCraft's acylation in the presence of an electron-withdrawing group on the pyrrole nitrogen or on 3,4-silylated precursors. [10] [11] [12] 3,4-Disubstituted pyrroles have also been synthesized from Michael acceptors and tosylmethyl isocyanide (TosMIC). [13] [14] [15] [16] Amongst different methods for the preparation of pyrazolines, isoxazolines, the 1,3-dipolar cycloaddition is the most important and versatile one. The dipolar reagents can be generated by the dehydrogenation of araldehyde hydrazones and araldoximes with lead tetracetate, 17) mercury acetate, 18) 1-chlorobenzotriazole, 19) chloramine-T (CAT) [20] [21] [22] [23] [24] [25] etc. In fact, we have reported novel oxo-linked bis heterocycles by 1,3-dipolar cycloaddition of dipolar reagents viz., TosMIC, diazomethane, nitrile imines and nitrile oxides to symmetrical and unsymmetrical bischalcones. 26, 27) In our endeavour to prepare sulfone-linked bis heterocycles the present work has been taken up.
Chemistry The present communication deals with the reactivity of methyl-3-aryl-2-(E-arylethenesulfonyl)acrylate (2) towards TosMIC and 1,3-dipolar reagents viz., diazomethane, nitrile imines and nitrile oxides (Chart 1). The compound 2 is prepared by the Knoevenagel condensation of E-styrylsulfonylacetic acid methyl ester (1) with araldehydes in the presence of piperidine in ethanol. The 1 H-NMR spectrum of 2a displayed two doublets at 7.68, 6 .58 for H A and H B and a singlet at 7.98 ppm for H C . Apart from these another singlet is observed at 3.81 ppm for methoxy protons of carbomethoxy group. The compound 2 is treated with TosMIC in the presence of sodium hydride in a mixture of ether and DMSO. The solid obtained indicated two spots in TLC which are identified as methyl-3-(4Ј-aryl-1ЈH-pyrrol-3Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (3) and methyl-4-aryl-3-(arylethenesulfonyl)-3H-pyrrole-3-carboxylate (4) in minor and major amounts, respectively (Chart 1). However, repetition of this reaction with excess TosMIC resulted in 3 only. The compound 3a showed four singlets at 7.19, 7.09, 6.78 and 7.01 ppm due to C 2 -H, C 5 -H, C 2 Ј-H and C 5 Ј-H of pyrrole ring protons and another singlet at 3.69 ppm due to methoxy protons of carbomethoxy group as well as signals due to aromatic protons. The compound 4a exhibited two doublets at 7.72, 6.59 ppm due to H A and H B and three singlets at 7.14, 7.01 and 3.64 ppm due to C 2 -H, C 5 -H and methoxy protons of carbomethoxy group.
The olefin moiety in 4 is used to develop pyrazoline and isoxazoline rings by 1,3-dipolar cycloaddition of diazomethane, nitrile imines and nitrile oxides. Treatment of 4 with diazomethane at Ϫ20 to Ϫ15°C for 48 h in the presence of triethylamine produced methyl-3-(4Ј,5Ј-dihydro-4Ј-aryl-1ЈH-pyrazol-3-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (5 20, 21) The cyclocondensation of 4 with araldehyde phenylhydrazones in the presence of chloramine-T in methanol resulted in methyl-3-(4Ј,5Ј-dihydro-1Ј-phenyl-3Ј,5Ј-diaryl-pyrazol-4Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (6) (Chart 1). Similar reaction of 4 with araldoximes produced methyl-3-(4Ј,5Ј-dihydro-3Ј,5Ј-diarylisoxazol-4Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (7). The 1 H-NMR spectra of 6a and 7a displayed two doublets at 5.21, 5.16 (C 4 Ј-H) and at 5.58, 5.75 ppm (C 5 Ј-H) in addition to signals due to other protons. The dehydrogenation of pyrazoline and isoxazoline rings in 5, 6 and 7 is effected with chloranil in xylene. Thus the compounds methyl-3-(4Ј-aryl-1ЈH-pyrazol-3Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (8), methyl-3-(1Ј-phenyl-3Ј,5Ј-diaryl-1ЈH-pyrazol-4Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (9) and methyl-3-(3Ј,5Ј-diarylisoxazol-4Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (10) are prepared (Chart 1). The absence of signals due to pyrazoline and isoxazoline ring protons indicated the formation of 8, 9 and 10. The structures of these compounds are further established by 13 C-NMR spectra. Antimicrobial Testing The compounds 3, 4, 8-10 were tested for antimicrobial activity at two different concentrations 100 and 200 mg/ml. The antibacterial activity was screened against Staphylococcus aureus, Bacillus subtilis (Gram-positive bacteria) and Escherichia coli, Klebsiella pneumoniae (Gram-negative bacteria) on nutrient agar plates at 37°C for 24 h using chloramphenicol (25 mg per disc) as reference drug. The compounds were also evaluated for their antifungal activity against Fusarium solani, Curvularia lunata and Aspergillus niger using ketoconazole (25 mg per disc) as standard drug. Fungi cultures were grown on potato dextrose agar medium (PDA) at 25°C for 3 d. The spore suspension was adjusted to 10 6 pores/ml at an mg/ml concentration by the Vincent and Vincent method. 28) The results of the compounds of preliminary antibacterial testing are shown in Table 1 . The results revealed that the compounds 3a-c and 4a-c exhibited least activity against the Gram-positive bacteria and almost no activity against the Gram-negative bacteria. However, the other compounds showed higher inhibitory activity against the Gram-positive bacteria than that of the Gram-negative bacteria. The compounds 8b and 10b displayed excellent activity against the Gram-positive bacteria (inhibitory zone Ͼ34 mm) and good activity against Gram-negative bacteria (inhibitory zone Ͼ24 mm). Thus the compounds having pyrrole 8a-c and isoxazole 10a-c units exhibited good activity when compared with the compounds having pyrrole unit 3a-c and 4a-c. However, the compounds with tetrasubstituted pyrazole ring 9a-c exhibited least activity against both bacteria. All the test compounds showed moderate to high inhibitory effect towards tested fungi. The presence of chloro substituent enhances the antimicrobial activity ( Table 2) .
The MIC values were determined as the lowest concentra- Chart 1 tion that completely inhibited visible growth of the microorganisms ( Table 3 ). The structure-antimicrobial activity relationship of the tested compounds revealed that disubstituted pyrazole and trisubstituted isoxazole in combination with pyrrole displayed greater activity. The compounds having tetrasubstituted pyrazole with pyrrole exhibited least activity.
The maximum activity was observed with the compounds 8b and 10b.
Conclusion
A new class of sulfone-linked bis heterocycles, methyl-3-(4Ј-aryl-1ЈH-pyrazol-3Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (8), methyl-3-(1Ј-phenyl-3Ј,5Ј-diaryl-1ЈH-pyrazol-4Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (9) and methyl-3-(3Ј,5Ј-diarylisoxazol-4Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (10) were prepared by the regioselective reaction of methyl-3-aryl-2-(E-arylethenesulfonyl)acrylate (2) with TosMIC followed by functionalization of olefin moiety towards 1,3-dipolar cycloaddition reaction with diazomethane, nitrile imines and nitrile oxides. The antimicrobial testing showed that the compounds 8b and 10b exhibited greater antimicrobial activity.
Experimental
Melting points were determined in open capillaries on a Mel-Temp apparatus and are uncorrected. The purity of the compounds was checked by TLC (silica gel H, BDH, ethyl acetate/hexane, 3 : 1). The IR spectra were recorded on a Thermo Nicolet IR 200 FT-IR spectrometer as KBr pellets and the wave numbers were given in cm -1 . The 1 H-NMR spectra were recorded in CDCl 3 /DMSO-d 6 on a Jeol JNM l-300 MHz. The 
General Procedure of Synthesis of Methyl-3-aryl-2-(E-arylethenesulfonyl)acrylate (2a-c)
To an equimolar (0.01 mol) mixture of E-styrylsulfonylacetic acid methyl ester 1, araldehyde and absolute ethanol (10 ml), piperidine (0.3 ml) was added and refluxed for 6-8 h. The solid separated on cooling was collected and recrystallized from 2-propanol.
Methyl 
General Procedure of Synthesis of Methyl-3-(4 -aryl-1 H-pyrrol-3 -ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (3) and Methyl-4-aryl-3-(arylethenesulfonyl)-3H-pyrrole-3-carboxylate (4) (Method 1)
A mixture of TosMIC (0.01 mol) and methyl 3-aryl-2-(E-arylethenesulfonyl)acrylate 2 (0.005 mol) in Et 2 O-DMSO (2 : 1) was added dropwise under stirring to a suspension of NaH (50 mg) in Et 2 O (10 ml) at room temperature and stirring was continued for 5-6 h. Then, water was added and extracted with Et 2 O. The ethereal fraction was dried over anhydrous Na 2 SO 4 . The solvent was removed in vacuo. The resulting mixture was separated by column chromatography (hexane-ethyl acetate; 4 : 1) and identified as methyl 3-(4Ј-aryl-1ЈH-pyrrol-3Ј-ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate 3 (minor) and methyl-4-aryl-3-(arylethenesulfonyl)-3H-pyrrole-3-carboxylate 4 (major).
General Procedure of Synthesis of Methyl-3-(4 -aryl-1 H-pyrrol-3 -ylsulfonyl)-4-aryl-3H-pyrrole-3-carboxylate (3a-c) (Method 2) The compound 3 was also prepared by adding a mixture of TosMIC (0.02 mol) and methyl 3-aryl-2-(E-arylethenesulfonyl)acrylate 2 (0.005 mol) in Et 2 O-DMSO (2 : 1) was added dropwise under stirring to a suspension of NaH (50 mg) in Et 2 O (10 ml) at room temperature and stirring was continued for 5-6 h. Then, water was added and extracted with Et 2 O. The ethereal fraction was dried over anhydrous Na 2 SO 4 . The solvent was removed under reduced pressure. The resulting solid was purified by column chromatography (hexane-ethyl acetate; 4 : 1.5).
Methyl-3-(4Ј-phenyl-1ЈH-pyrrol-3Ј-ylsulfonyl)- Methyl-3- (4Ј-(p-methylphenyl)-1ЈH-pyrrol-3Ј-ylsulfonyl) 98 (s, 1H, C 5 -H), 7.13 (s, 1H, C 2 -H), 7.22-7.73 (m, 9H, Ar, ArЈ-H 
